Recent investigations on microsurgery of early embryos have proved that pairs of halved embryos are able to develop into monozygotic twins in many mammalian species [1, 8, 13, 15, 20, 22, 23] . This indicates that a transferable half-embryo of defined sex and genetic characteristics may be obtained by using the other half of the monozygotic pair for the examination.
The half-embryos of defined sex mouse would provide valuable information on sex differentiation of chimeric mice. To realized this idea, we developed an experimental model which makes it possible to produce chimeric mice of defined sex composition. We described here the details of experiments on 1) Sexing of mouse half-embryos by chromosomal analysis and transfer of the halfembryos after determing the sex of the other monozygotic half, and 2) Production of chimeric mice of defined sex composition by aggregating two half-morulae of defined sex. Materials and methods
1. Animals and embryos : In this study, embryo donors were female ICR and OH/He mice that were induced to superovulate [4] and then mated with male mice of the same strain. Compacted morula-stage embryos were collected from uteri of donors 76 hr after hCG injection. Dulbecco's PBS supplemented with 1 %o fetal bovine serum (Gibco) was used for collection of embryos.
Recipients were ICR mice that were mated with vasectomized males to induce functional corpora lutea on the day after donors were mated. 2. Microsurgical technique and culture of embryos : Bisection of morulae was performed following the methods developed by Nagashima and Ogawa [12] and Nagashima et al. [13] . The zona pellucidae of the embryos were softened by incubation in Pronase solution (0.5% in Dulbecco's PBS) for about 1.5 min at room temperature, followed by thorough washing in culture medium. The pretreated embryos were bisected vertically by a fine glass needle attachtrd to a micromanipulator (Narishige, MO-102).
a : A empty zona pellucida (Z) is held on the tip of a holbing pipette (P) near by half-embryos(E).
The zona should be positioned in slight contact with the bottom surface of dish. b: The crack of zona is opened with a micro-needle(N). c: Embryos are moved into the zona through the opened crack by operating the stage of microscope . d: The crack of zona is closed and replacement of embryos are accomplished. 3. Aggregation of two half-embryo: Aggregation of two half-embryos was performed according to the method shown in Fig. 1 , in which the half-embryos in the pair are replaced into an empty zona pellucida. 4. Transfer of embryos : Transfer of the embryos to the recipient female mice was performed by laparotomy on the morning of Day 4 (Day 1 being the day the copulation plug was present).
Recipients were anesthetized with pentobarbitone sodium (Nembutal, Abbott Laboratories), and the ovary and tubal end of the uterine horn on each side were exteriorized in turn through a dorsolateral incision in the abdominal musculature.
The tubal end of the horn was punctured with a 25-gauge hypodermic needle, and the embryos were deposited in the lumen with a transfer pipette.
The sexed half-embryos or the aggregated embryos were transferred into one uterine horn and the intact control embryos were transferred into the opposite horn of the recipients.
Recipients were autopsied on Day 18 to 20 to determine the sex of the fetuses. To obtain live births, cesarean section was carried out on Day 20. The offspring obtained were nursed by a foster mother of the ICR strain that had given birth to its own offspring the previous day. 5. Chromosome preparation and sexing of the half-embryos: The half-embryos were used for chromosome preparation after being cultured for 26 hr in M16. The chromosome preparation was performed following the air drying method [18] with a modifications for halfembryos. A half-embryo was transferred to the mixed medium (M16: HER [14] +180 fetal bovine serum=8:
2) containing 0.04pg/ ml Colcemid (Gibco) and incubated for 3.5 -4 hr.
After the incubation, the embryo was placed in a hypotonic solution (10o sodium citrate) for 3-10 min at room temperature, and subsequently transferred to cold first fixative (methanol : acetic acid: distilled water=3 : 1: 4) and kept for 2 min. The fixed embryo was mounted onto a pre-cleaned microscope slide with a small amount of the first fixative (ca. 0.02 ml). As soon as the first fixative had evaporated, a small drop of the second fixative (acetic acid) acid was added to spread the cells of the embryo. Determination of sex was based on the criterion proposed by Stich and Hsu [16] , which depends on the presence of the two (female) and three (male) shortest chromosomes in the complete diploid number.
The shortest chromosomes were identified by shape and banding pattern, with reference to the standard karyotype of the mouse [3] . Counting of the chromosomes in a metaphase plate and identification of the shortest chromosomes were performed with a TV moniter or polaroid cR) camera attached to the microseope.
Experiment 1: Sexing of the half-embryos by chromosome analysis and transfer of the sexed half-embryos
The half-embryos that were developed from the bisected morulae were classified morphologically into three groups [13] after cultivation for 26 hr: 1) eu-blastocysts, which contained a distinct inner cell mass (ICM) and well-developed trophectoderm.
2) pseudo-blastocysts, which appeared to contain a poorly developed ICM, and in the majority of cases, debris from destroyed blastomeres or dissociated blastomeres excluded from the trophectodermal layer.
3) trophectodermal vesicles, with no ICM.
In each of the three groups of halfos, chromosomal preparations were made acembrycording to aforementioned, method, and the numbers of nuclei and metaphase plates and the results of sexing were recorded. Differences in these parameters between the three groups was analyzed by the t test.
A chromosome preparation was made from one of the halved embryos of a monozygotic pair and subjected to sexing. The other live half-embryo, thus sexed indirectly, was transferred later. At 26 hr after bisection, monozygotic pairs, of which at least one of the half-embryos had developed into a eu-blastocyst , were selected by microscopy and subjected to transfer experiment.
Among the chosen pairs , eu-blastocysts were cultured for about 10 hr after microscopy and transferred subsequently . By the time of transfer, one half-embryo of each pair, possibly a eu-blastocyst, pseudoblastocyst or trophectodermal vesicle, was used for a chromosomal preparation for determining the sex.
Impregnated recipients were autopsied on Day 18-20. The sex of the offspring obtained was determined by the form of the external genitals, and was checked with the preliminarily determined sex of the corresponding embryo. Exeperiment 2: Production of chimeras by aggregating two half -morulae of defined sex As shown in Fig. 2 , aggregated embryos were made with the use of two half-morulae of defined sex and transferred to produce chimeric mice.
Morulae collected from donors of two different strains (ICR and C3H/He) were bisected to produce monozygotic pairs of half-embryos. One half-embryo of a monozygotic pair produced from an ICR embryo was aggregated with one half-embryo of a monozygotic pair of the C3H/He strain immediately after the bisection. The aggregated embryos were cultured in vitro for 30-36 hr untill the transfer . In contrast, the other half-embryos of the monozygotic pairs were subjected to chromosome preparation and sexing after cultivation for 20hr.
The aggregated embryos that developed into blastocysts of normal appearance, and for which both component embryos were sexed , were transferred to the uterine horn of recipients (one to three embryos/horn) . The pregnant recipients underwent cesarean section on Day 20 and the sex of live and stillborn fetuses was recorded. The live offspring were nursed and grown by foster mothers , and were examined for chimerism on the basis of coat One half-embryo of a MZ pair produced from an ICR embryo is replaced into an empty zona pellucida and aggregated (E) with one half-embryo of a MZ pair of the C3H/He strain. In contrast , the other half-embryo of the MZ pairs are subjected to chromosome preparation and sexing (F,G).
The aggregate embryo is developed in vitro into the blastocyst stage (H), and when transferred to a recipient, will produce a chimera mouse (I) sexed for both component embryos . preparation and sexing of the half-embryos are summarized in Table 1 . The average number of nuclei in the preparations produced from the eu-blastocysts, pseudo-blastocysts and trophectodermal vesicles were 27.3, 18.3 and 12.5, respectively.
The number of nuclei of the eu-blastocysts was significantly higher than those of pseudo-blastocysts (P<0.005) and trophectodermal vesicles (P<0.001), and the difference between pseudo-blastocysts and trophectodermal vesicles was also significant (P< 0.05).
The average number of metaphase plates in the preparations of the three groups were 4.4, 3.5, and 2.8, respectively. Differences between the groups were not significant.
Out of 91 eu-blastocysts, 61 (67.0%) were sexed by examining the chromosome preparations ; 53 (57.6%) of 92 pseudo-blastocysts and 38 (43.7%) of 87 trophectodermal vesicles were also sexed. The difference between the results obtained in eu-blastocysts and pseudo-blastocysts was not significant, though it was significant between eu-blastocysts and trophectodermal vesicles (P<0.005).
Typical metaphase plates obtainde from the half-embryos are shown in Fig. 3 .
Out of 88 monozygotic pairs of half-embryos obtained by microsurgical bisection of morulae, 72 pairs (81.800) were selected for chromosome preparation and transfer.
Of 72 half-embryos subjected to chromosome preparation, 17 (23.6 %) were judged to be female and 22 (30.600)
The shortest chromosome are pointed by arrows. were male. The monozgotic halves of the 17 half-embryos judged to be female were transferred to 9 recipients and 6 became pregnant . A total of 8 fetuses were obtained , all of which were female (Tadle 2) . The monozygotic halves of the 2 2 halfembryos judged to be male were transferred to 9 recipients, and 8 male fetuses were obtained from 7 pregnant recipients (Table 2) . 
Discussion
Among monozygotic pairs of half-embryos produced by microsurgery of mouse morulae, cases in which both twin embryos develop to eu-blastocysts account for about 500 [13] . In the remaining 50%, one or both of the pair become pseudo-blastocysts or trophectodermal vesicles and lack the ability to develop normally. These pairs cannot be used for the purpose of producing monozygotic twins. On the other hand, when one attempts to control the sex of offspring by using monozygotic pairs of halved embryos, in other words , when one of the twin embryos is used for sexing and the other for transfer, there is no need to use eublastocysts capable of development as materials for chromosome preparations in sexing . Pseudoblastocysts or trophectodermal vesicles will do .
In experiment 1, the rates of sexing based on the chromosomal preparations of eu-blastocysts, pseudo-blastocysts and trophectodermal vesicles were 67.0%, 57.6%, and 43 .7%, respectively, with no significant difference between eu-blastocysts and pseudo-blastocysts . The mean number of nuclei was 18 .3 for the preparations of pseudo-blastocysts, lower than the figure for the preparations of eu-blastocysts , 27.3 (P<0.005). However , it was considered that the level for pseudo-blastocysts allowed higher rate of sexing. There was a significant difference between the rates of sexing with eublastocysts and trophectodermal vesicles (P < 0.005). This may reflect the fact that severly damaged vesicles included in] the group of trophectodermal vesicles were not able to sus- In this paper, we described an experimental model, in which aggregate embryos were prepared with component half-embryos which are preoperatively sexed, and chimeric mice were produced from the embryos. The chimeras thus obtained must be useful, direct experimental meterials for elucidating the mechanism of sex determination in chimeric mice.
